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EXHAUST TIMING CONTROL VALVE 
CONTROL ARRANGEMENT 

RELATED APPLICATIONS 

This application is a continuation-in-part of Us. patent 
application Ser. No. 08/950,699, Which Was ?led on Oct. 15, 
1997, and Which issued as US. Pat. No. 5,934,958 on Aug. 
10, 1999, Which claimed priority under 35 U.S.C. § 119 to 
Japanese Patent Application No. Hei 8-294,365, ?led on 
Oct. 15, 1996. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to exhaust control 
valves for an engine. More speci?cally, the present invention 
relates to an exhaust control valve control arrangement that 
provides an exhaust valve cleaning mode Which reduces the 
likelihood of such valves sticking as a result of use. 

2. Description of Related Art 
Conventional tWo-stroke engines generally include an 

exhaust port provided in each cylinder Wall such that spent 
gases are exhausted through the exhaust port as the piston 
reciprocates in the cylinder. Exhaust port timing has an 
important effect on engine performance. Optimum exhaust 
port timing is dependent, in part, upon engine speed. For 
instance, to provide an improved engine performance, the 
exhaust port timing can be advanced during high-speed 
engine operation relative to the exhaust port timing during 
engine idling. 

One manner of controlling the exhaust port timing is to 
employ exhaust control valves. Generally, these valves are 
of the sliding or rotating type, and do not serve to ever 
completely close the opening or port in each combustion 
chamber in tWo-stroke applications. Instead, each valve 
moves betWeen a ?rst position, in Which the valve does not 
obstruct, or obstructs very little of, the exhaust port, and a 
second position, in Which the valve partially obstructs the 
port. Therefore, the exhaust control valve can alter the 
effective cross-sectional area of the exhaust port by appear 
ing to loWer an upper surface of the exhaust port, thereby 
restricting the How through the exhaust port. The movement 
of the valves also alters the timing of the opening and 
closing of the exhaust ports. 
By extending the exhaust control valve into the exhaust 

port, it is possible to operate the engine under a higher 
compression ratio under loW-load and loW-speed conditions 
to improve engine performance. It is also possible to reduce 
the compression ratio under high-speed and high-load con 
ditions by retracting the exhaust control valve to avoid 
excess pressures in the combustion chamber and pre-ignition 
or knocking conditions. Furthermore, closing the exhaust 
control valve during starting can raise the compression ratio 
and facilitate starting. Hence, these types of exhaust control 
valves are extremely effective in improving the performance 
of a tWo-stroke engine under particularly dif?cult running 
conditions Without sacri?cing performance under other run 
ning conditions. 

There is a dif?culty in conjunction With these valves 
hoWever. Because the exhaust control valve is subject to 
exhaust gas temperatures, there must be adequate clearance 
provided betWeen the valve and its surrounding structure to 
permit the valve to slide or rotate freely betWeen its opened 
and closed positions. Of course, this clearance cannot be so 
great as to cause pressure leakage. In addition, because of 
the different materials typically employed for the exhaust 
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2 
control valve and the engine casting, in Which the valve is 
mounted, compensation for differing degrees of thermal 
expansion is necessary. Accordingly, the clearances may 
actually be less When the engine is cold than When it is 
Warm. Therefore, When the engine is started, before the 
engine is Warmed-up, the valves are more prone to sticking. 

Moreover, because these valves have a relatively small 
range of movement, and are not continuously moved, they 
may seiZe Within the guide passage in Which they are 
mounted. In addition, because oil may be present in the 
exhaust gases of tWo cycle engines, the oil can cause a 
further problem once the engine is shut off. While the engine 
is running, the temperature Will be high enough to avoid 
carboniZation on the valve. HoWever, as a stopped engine 
cools, residual oil may carboniZe, or coke, on the control 
valve and form deposits. These deposits, along With other 
foreign matter, such as sea-salt for instance, make it difficult 
to operate the valve When the engine is restarted. In short, 
these deposits tend to inhibit a smooth operation of the 
valve. Of course, the aforementioned differential thermal 
expansions Will also further aggravate this situation. 

SUMMARY OF THE INVENTION 

It has been suggested to exercise the exhaust control 
valves through a number of cycles betWeen an opened and 
a closed position to clean any scale, carbon deposits or other 
debris from the exhaust control valve. HoWever, the cycling 
of the exhaust control valve presents problems in and of 
itself. For instance, if the exhaust control valve is being 
cycled through a large range of movement While the engine 
is under acceleration, the effective compression ratio of the 
engine is also being altered throughout the movement of the 
valve and during the acceleration of the Watercraft. This can 
result in uneven acceleration as Well as an uncomfortable 

ride. 

Thus, an exhaust control valve control arrangement is 
desired that can be used in an engine for poWering a 
Watercraft. The control should be reliable and easy to 
maintain. Moreover, it is desired to have a cleaning opera 
tion for exhaust control valves, Which does not signi?cantly 
detract from the performance characteristics of the Water 
craft engine during rapid acceleration. 

In accordance With one feature of the present invention, 
the exhaust control valve prioritiZes engine acceleration over 
exhaust valve cleaning. For instance, the cleaning is per 
formed during start-up and shutdoWn but not While the 
Watercraft rapidly accelerates to attain a planing velocity. In 
addition, if the throttle is suddenly fully opened, then any 
cleaning operation in progress at that time is ceased. 

Another feature of the present invention provides an 
improved exhaust control valve system and method of 
operating the same. Additionally, an exhaust control valve 
system con?gured in accordance With the present invention 
desirably provides a method for cleaning an exhaust control 
valve under at least some conditions that may reduce the 
possibility of valve sticking on start up and during loW 
temperature operation. Moreover, the exhaust control valve 
system preferably prioritiZes the acceleration of the engine 
over the cleaning operation. 

Accordingly, one aspect of the present invention involves 
a Watercraft having an engine poWering a Water propulsion 
unit. The engine includes a starter motor, an exhaust port 
leading from a combustion chamber through Which the 
exhaust products may be transported and an exhaust valve 
cooperable With the exhaust port. The exhaust valve is 
movable betWeen a ?rst position, in Which the closing of the 
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exhaust port is delayed, and a second position, in Which the 
closing of the exhaust port is advanced. The Watercraft also 
has a control unit poWered by a poWer source and a drive 
control for moving the exhaust valve at least partially 
betWeen the ?rst position and the second position in an 
exhaust cleaning operation. The control unit activates the 
drive control after the starter motor is engaged and before 
the engine attains a ?rst predetermined speed so as to cycle 
the exhaust control valve. The control unit deactivates the 
drive control after the engine attains a second predetermined 
speed so as to disable controlled movement of the exhaust 
control valve. 

Another aspect of the present invention involves a Water 
craft having an engine poWering a Water propulsion unit. 
The engine includes a starter motor and an exhaust port 
leading from a combustion chamber through Which the 
exhaust products may be transported. The engine also has an 
exhaust valve cooperable With the exhaust port Which is 
movable betWeen a ?rst position, in Which the closing of the 
exhaust port is delayed, and a second position, in Which the 
closing of the exhaust port is advanced. The Watercraft also 
has a control unit Which is in electrical communication With 
a drive control. The drive control is capable of moving the 
exhaust valve at least partially betWeen the ?rst position and 
the second position in an exhaust cleaning operation. The 
control unit desirably activates the drive control before the 
engine attains a ?rst predetermined speed so as to cycle the 
exhaust control valve. 
An additional aspect of the present invention involves an 

exhaust control for an exhaust valve of an internal combus 
tion engine. The engine includes at least one combustion 
chamber and an intake passage leading to the combustion 
chamber for providing air thereto. The engine also has a fuel 
supply for supplying fuel to the combustion chamber and an 
exhaust port leading from the combustion chamber for 
routing exhaust products therefrom. The valve desirably 
cooperates With the exhaust port and is movable betWeen a 
?rst position, in Which the closing of the exhaust port is 
delayed, and a second position, in Which the closing of the 
exhaust port is advanced. The exhaust control includes 
means for moving the valve betWeen the ?rst and second 
positions and control means for moving the valve in a 
cleaning operation at least partially betWeen the ?rst and 
second positions When the engine is running at a speed 
beloW a predetermined speed. 
A further aspect of the present invention involves an 

engine having at least one combustion chamber With an 
exhaust port leading therefrom. An exhaust port timing 
control valve is provided in the port at an upper portion 
thereof. Desirably, the valve can be moved betWeen a 
projected position Wherein it is projected into the exhaust 
port and covers at least the upper portion of the exhaust port 
and a retracted position in Which it is retracted from the 
exhaust port. A drive control is provided that is capable of 
moving the valve and a main control is also provided that is 
capable of controlling the drive control betWeen on and off 
states. The main control operates the drive control in a 
cleaning mode and a regular valve operation mode and the 
control unit initiates a valve cleaning mode in Which the 
valve is moved betWeen its projected and retracted positions 
by the drive control When a speed of the engine after starting 
exceeds a predetermined loW speed but is beloW a prede 
termined high speed. 

Another aspect of the present invention involves a method 
of cleaning an exhaust control valve of an engine. The 
engine has a lanyard sWitch, a start sWitch and at least one 
combustion chamber. An exhaust passage leads from the 
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4 
chamber. The exhaust control valve cooperates With the 
passage. The method involve determining if the lanyard 
sWitch is in an on position and determining if the start sWitch 
is in the on position. Once both of these sWitches are in an 
on position, the method determines if the engine speed 
exceeds a ?rst predetermined speed. If so, the valve is 
moved in a cleaning operation betWeen at least partially 
betWeen a ?rst position in Which the valve does not obstruct 
the passage and a second position in Which the valve at least 
partially obstructs the passage in order to clean the valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention Will noW be 
described With reference to the draWings re?ecting several 
aspects of a preferred embodiment. The draWings are 
intended to illustrate, and not to limit, the invention and are 
described as folloWs: 

FIG. 1 is a side vieW of an exemplary personal Watercraft 
environment poWered by an engine Which utiliZes an 
exhaust control valve control system having features and 
advantages in accordance With the present invention, an 
engine and other Watercraft components positioned Within 
the Watercraft being illustrated in phantom; 

FIG. 2 is a top vieW of the exemplary personal Watercraft 
environment illustrated in FIG. 1, With the engine and other 
components positioned Within the Watercraft being illus 
trated in phantom; 

FIG. 3 is a cross-sectional end vieW of the exemplary 
Watercraft environment illustrated in FIG. 1, With the engine 
and a portion of an exhaust system being illustrated in 
cross-section; 

FIG. 4 is an enlarged cross-sectional end vieW of a portion 
of the engine of FIG. 3, taken along the line 4—4 therein, 
illustrating the engine and an exhaust control valve and 
valve control thereof; 

FIG. 5 is a cross-sectional top plan vieW of the engine of 
FIG. 3; 

FIG. 6 is a graphical representation of Exhaust Control 
Valve Position vs. Engine Speed of a ?rst aspect of an 
exhaust control valve control strategy; 

FIG. 7 is a How diagram illustrating the ?rst aspect of the 
strategy, Which strategy results in the graphical presentation 
of FIG. 6; 

FIG. 8 is a graphical representation of Exhaust Control 
Valve Position vs. Engine Speed of another aspect of an 
exhaust control valve control strategy; 

FIG. 9 is a graphical representation of Exhaust Control 
Valve Position vs. Engine Speed of yet another aspect of an 
exhaust control valve control strategy; 

FIG. 10 is a How diagram illustrating yet another aspect 
of an exhaust control valve control strategy; 

FIG. 11 is a How diagram illustrating a further aspect of 
a strategy for an exhaust control valve control; 

FIG. 12A is a How diagram illustrating a ?rst portion of 
another aspect of an exhaust control valve control strategy; 

FIG. 12B is a How diagram illustrating a second portion 
of the aspect of the strategy of FIG. 12A; and 

FIG. 13 is a graphical representation of Exhaust Control 
Valve Position vs. Engine Speed of the aspect of FIGS. 12A 
and 12B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

The present invention generally relates to an engine 
poWering a planing-type boat, such as a personal Watercraft. 
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Speci?cally, the invention relates to a control strategy for an 
exhaust control valve associated With the engine powering 
the boat. 

FIGS. 1 and 2 illustrate an exemplary Watercraft 20. This 
environment is merely exemplary, as the present invention is 
useful With a variety of other Watercraft and land vehicles. 
The Watercraft 20 is desirably operated in a body of Water 
designated by reference letter W. In use, the Watercraft 20 is 
propelled through the body of Water W in a forWard 
direction, as designated by the arroW F in FIGS. 1 and 2. 
While being propelled forWard, the personal Watercraft 20 is 
capable of moving from the position shoWn in FIG. 1 to a 
planing position. The planing position is attained at a 
Watercraft velocity associated With an engine speed referred 
to herein as “planing speed.” 

The Watercraft body 24 generally comprises a hull 26 and 
a deck 28. A bond ?ange 30 is de?ned as the overlapping 
mating section Where the hull 26 and the deck 28 are joined 
together. The bond ?ange 30 also identi?es the location of a 
bond line, Which is an imaginary line around the Watercraft 
20 Where the hull 26 and the deck 28 are joined together. 
Accordingly, the deck 28 generally comprises the upper 
structural body of the Watercraft 20, Which is located above 
and includes the upper bond ?ange 30. 
Aseat 32 is positioned on a raised pedestal portion of the 

deck 28 that is de?ned in part by a Wrapping sideWall 27. 
The seat 32 may be connected to a removable deck member 
(not shoWn) in a knoWn fashion. With reference to FIG. 1, 
the seat 32 desirably extends longitudinally along the Water 
craft body 24 in a fore-aft direction. In this fashion, the seat 
32 is designed to be straddled by an operator such that the 
operator places one leg on either side of the seat 32. The 
straddle-type seat 32 is characteristic of personal Watercraft 
(i.e., a class of Watercraft de?ned, in part, as having an 
operator that sits, stands or kneels, on, instead of in, the 
Watercraft 20). 

With reference to FIG. 3, a pair of footWells 34 de?ne a 
platform area Where the operator’s feet may be placed. The 
footWells 34 desirably extend betWeen a front portion of the 
Watercraft 20 through an open stem portion of the Watercraft 
20 to a boarding platform 35. 

Both the footWells 34 and the boarding platform 35 may 
be provided With a traction mat or a traction pad (not 
shoWn). A traction mat is a thin rubber material bonded to 
the footWells 34 or boarding platform 35 of the Watercraft 
20. A traction pad is a thick rubber material bonded to the 
footWells 34 or the boarding platform 35 of the Watercraft 
20. These elements result in increased traction for the 
operator as splashing Water tends to decrease the level of 
traction available Without any sort of traction pad or mat. 

An operator may climb onto the Watercraft 20 through the 
open stern of the Watercraft. The tWo footWells 34 and the 
boarding platform 35, in combination With the deck 28 and 
a pair of gunWales 36, de?ne the opening in the stem. The 
gunWales 36 are vertical Walls that surround the tray or 
footWells 34 of the personal Watercraft 20, and are clearly 
depicted in FIG. 3. 

With reference again to FIGS. 1 and 2, a steering mecha 
nism 38 is arranged forWard of the forWard end of the 
longitudinally extending straddle-type seat 32. The steering 
mechanism 38 is designed to alloW the operator to control 
the direction or tack of the Watercraft 20 through the body 
of Water W in Which the Watercraft 20 is being operated. 
Moreover, the steering mechanism 38 preferably includes a 
steering stem 39 and a throttle control 40. As Will be 
recogniZed by those of skill in the art, the throttle control 40 
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6 
can be any number of mechanisms designed to control a 
throttle valve associated With the engine. For instance, the 
throttle control 40 can be a rotatable grip actuator, such as 
commonly used on motorcycles, a thumb throttle actuator, 
Which is a throttle actuating lever mounted on a handlebar 
and operated With the thumb, similar to a trigger or paddle 
throttle actuator, or any other suitable type of actuator. 
With reference again to FIG. 1, the hull 26 in cooperation 

With the deck 28 form a number of internal compartments 
Which generally include an engine compartment 42 and a 
pumping chamber 44. As is knoWn by those of skill in the 
art, a bulkhead 46 may de?ne a division betWeen the engine 
compartment 42 and the pumping chamber 44 or any other 
compartments de?ned Within the Watercraft body 24. 
Desirably, the bulkhead 46 is a structural reinforcement that 
is built into the Watercraft’s body 24. 
An engine 48 is positioned Within the engine compart 

ment 42. With reference to FIGS. 3 and 4, the engine 48 is 
connected to the hull 26 via several engine mounts 47. The 
engine mounts 47 are connected to a bottom of the hull 26 
in a knoWn fashion. For instance, With reference to FIG. 3, 
the engine mounts 47 are connected to a pair of stringers 49, 
Which are connected to the bottom of the hull 26. The engine 
mounts 47 are also connected to the engine 48 through a set 
of engine plates 51, in a knoWn fashion. Thus, the engine 48 
is connected to engine plates 51, Which are, in turn, con 
nected to engine mounts 47, Which are positioned along 
stringers 49 that run along the bottom surface of the hull 26. 
Because the engine mounts 47 preferably comprise resilient 
members, mounting the engine 48 in the aforedescribed 
manner reduces the transfer of engine vibrations through the 
hull to the operator. 

Desirably, the engine 48 is at least partially accessible 
through a maintenance opening 33. The maintenance open 
ing 33 is preferably accessible by removing the removable 
deck member (not shoWn) on Which the seat 32 is mounted. 
The engine 48 is best illustrated in FIG. 3. As illustrated 

therein, the engine 48 is preferably of the tWo cylinder, tWo 
cycle variety. Of course, the engine 48 may have as feW as 
one, or more than tWo, cylinders and operate in accordance 
With other operating cycles, as may be appreciated by one of 
skill in the art. 
As illustrated in FIG. 1, the engine 48 has a crankshaft 50 

that ultimately drives an impeller shaft 52 through knoWn 
connections. The impeller shaft 52 is joined to an impeller 
54 or a similar structure. The impeller 54 is associated With 
a propulsion unit 56 and propels Water through the propul 
sion unit 56 generally in a direction designated by reference 
letter T to provide thrust. 
With continued reference to FIG. 1, the propulsion unit or 

jet pump 56 includes a propulsion passage 58, or tunnel, 
having an intake tract 60 Which extends through the loWer 
portion of the hull 26. Desirably the impeller 54 is posi 
tioned Within the propulsion passage 58, and is in direct ?uid 
communication With a pump noZZle 62. Water from the body 
of Water W in Which the Watercraft is operated is draWn in 
the direction I into the intake tract 60 by the impeller 54. The 
Water is then expelled through the pump noZZle 62 to 
provide thrust T. 
As is Well knoWn in the art, an intake grate or scoop grate 

(not shoWn) may cover the intake tract 60 of the propulsion 
passage 58. The intake grate is a grill-like component that 
mounts on the bottom of the hull 26 and feeds Water to the 
jet pump 56 While also preventing foreign objects from 
entering the jet pump 56. 

Additionally, a ride plate 64 is provided on the loWer rear 
portion of the hull 26 of the Watercraft body 24. The ride 
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plate is desirably a ?at piece of metal that covers a cut out 
for the jet pump 56 in the loWer portion of the hull 26 of the 
Watercraft body 24 Which forms, in part, the tunnel 58, as is 
known in the art. In a sense, the Watercraft 20 “rides” on this 
plate 64. 
As Will be recognized by those of skill in the art, a steering 

noZZle 63 may be af?xed to the jet pump 56 in a manner 
Which alloWs the steering noZZle 63 to pivot left and right to 
control the direction of thrust T created by the jet pump 56. 
The steering noZZle 63 may also be mounted for up and 
doWn movement, as Will be recogniZed by those of skill in 
the art. In this manner, the Watercraft 20 may be steered 
along a desired tack. In order to steer the Watercraft 20, the 
steering noZZle 63 is preferably connected to a steering cable 
(not shoWn). The steering cable (not shoWn) extends 
betWeen the steering mechanism 38 and the steering noZZle 
63 and is connected therebetWeen in a knoWn manner. 

The engine 48 includes a cylinder block 70 having a 
cylinder head 72 connected thereto and cooperating there 
With to de?ne tWo cylinders 74 in the illustrated embodi 
ment. A combustion chamber 76 is de?ned by a cylinder 
Wall Within the cylinder block 70, a recessed area in the 
cylinder head 72 and a top of a piston 78. The piston 78 is 
mounted for reciprocation Within the cylinder 74 and is 
connected to the crankshaft 50 via a connecting rod 80, as 
is Well knoWn in the art. Preferably, the engine 48 is tilted 
or inclined so that the combustion chambers 76 have a 
centerline C that is offset in a ?rst direction from a vertical 
axis. This arrangement keeps the vertical pro?le of the 
engine 48 small, Which in turn alloWs the Watercraft 20 to be 
designed With a loW center of gravity. 

With reference to FIGS. 3 and 4, the crankshaft 50 has pin 
portions 86 extending betWeen Web portions 88 With each 
connecting rod 80 connected to one of the pin portions in a 
knoWn manner. The crankshaft 50 is constrained for rota 
tional movement With respect to the cylinder block 70 by a 
number of seal bearings (not shoWn) Within a crankcase 
chamber 82. A crankcase cover member 84 that extends 
from a bottom portion of the cylinder block de?nes, in part, 
the crankcase chamber 82. 

With continued reference to FIGS. 3 and 4, the engine 48 
also includes an air intake and fuel mixture system 89. 
Preferably, this system 89 is provided for delivering an air 
fuel mixture A/F (see FIG. 4) for combustion Within the 
engine 48 and may communicate With each cylinder 74 
individually. The system 89 draWs air A (see FIG. 3) from 
Within the engine compartment 42 (the air A enters the 
engine compartment through one or more air inlets in the 
hall 26) into a silencer 90. The air A is then delivered to a 
venturi passage 92 of a carburetor 94. As is Well knoWn by 
those of skill in the art, the carburetor 94 desirably has a 
butter?y valve 98 Which may be opened or closed to increase 
or decrease the How rate of air into the engine 48 for 
combustion. 

Fuel is provided to the incoming air A Within the carbu 
retor 94. In particular, fuel is draWn from a fuel supply (such 
as a fuel tank designated by reference numeral 100 in FIG. 
1) by a fuel pump (not shoWn) and delivered through a fuel 
delivery line (not shoWn) to the carburetor 94. A throttle 
body 96 is preferably positioned betWeen the engine 48 and 
the carburetor 94 and has a throttle valve (not shoWn) for 
alloWing the Watercraft operator to control the rate of air and 
fuel delivery to the engine 48 for controlling the speed 
and poWer output of the engine 48 via a throttle linkage (not 
shoWn) as discussed above. It is contemplated that the fuel 
may also be provided by indirect or direct injection, as Well 
as via carburetion, as is Well knoWn by those of skill in the 
art. 
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With reference to FIG. 4, the air and fuel mixture A/F 

selectively passes through an intake port 102 into the 
crankcase chamber 82 as controlled by a reed valve 104, as 
is knoWn by those of skill in the art. As is also Well knoWn, 
the intake port 102 and the corresponding reed valve 104 are 
preferably provided for each combustion chamber 76 indi 
vidually. As discussed above, the crankcase chamber 82 is 
compartmentaliZed to provide the crankcase compression 
feature for each combustion chamber 76 as is Well knoWn in 
the operation of tWo-cycle engines. 
With continued reference to FIG. 4, the air and fuel charge 

A/F Within the crankcase chamber 82 is delivered to each 
cylinder 74 through several scavenge passages 106 in a 
Schnurle-type scavenging system, for instance. The scav 
enge passages 106 lead to a number of scavenge ports 108 
in the cylinder Wall. The air and fuel charge A/F is intro 
duced into the combustion chamber 76 through this scav 
enge system, as is knoWn. 

With reference noW to FIGS. 3 and 4, a suitable ignition 
system is also provided for igniting the air and fuel mixture 
A/F. Preferably, the system comprises a spark plug or other 
ignition element 110. The spark plug 110 is desirably 
arranged to extend through the cylinder head 72 as is Well 
knoWn to those of skill in the art. Desirably, the spark plug 
110 corresponds to each combustion chamber 76 and 
extends into the combustion chamber 76. Additionally, an 
appropriate ignition system control is desirably used to 
control the timing of the ?ring of the spark plug 110 to ignite 
the air and fuel charge A/F. 
A ?yWheel (not shoWn) is desirably connected to one end 

of the crankshaft 50. The ?yWheel (not shoWn) may have a 
number of magnets thereon for use in a pulsar-coil arrange 
ment for generating ?ring signals for the ignition system. In 
addition, the ignition system may include a battery, dis 
cussed later, for use in providing poWer to an electric starter 
111 and other electrical features associated With the Water 
craft and/or engine. In that case, a number of teeth (not 
shoWn) may be positioned on the periphery of the ?yWheel 
(not shoWn) for use in staring the engine 48 With the starter 
motor 111. As illustrated in FIG. 4, the starter motor 111 is 
desirably positioned near the bottom the hull 26 yet above a 
liquid-removing element such as a sump (not shoWn). 
The engine 48 may also include a lubricating system that 

provides lubricating oil to the various moving parts of the 
engine. Such a system may include an oil tank or reservoir 
(not shoWn) from Which lubricating oil is delivered and 
circulated, including for mixing With the fuel Which is 
supplied to the engine, as is Well knoWn to those of skill in 
the art. 

The engine 48 also includes a suitable cooling system. 
Preferably, the cooling system is a liquid cooling system 
Which draWs cooling Water from the body of Water W in 
Which the Watercraft 20 is being operated and circulates it 
through various cooling Water jackets 112 in the cylinder 
block 70, cylinder head 72 and the like. 

Exhaust gas generated by the engine 48 is routed from the 
engine 48 to a point external to the Watercraft 20 by an 
exhaust system 114. With reference to FIG. 4, the exhaust 
system 114 includes an exhaust port 116 in the cylinder Wall 
or extending through the cylinder head 72. An exhaust 
passage 118 extends from the exhaust port 116. 

With reference to FIG. 1, the exhaust system 114 may also 
comprise an exhaust manifold 120 that combines the spent 
gases from each of the exhaust ports 116 of the cylinders 74. 
Desirably, the manifold 120 is connected to a side of the 
engine 48 and has a pair of branches With passages leading 


















